This paper investigates the effect of the policy of citizenization of rural migrant workers on the factor market in a dynamic CGE model, which contains multiple dimensions of labor heterogeneity, a labor-lagged adjustment mechanism, and a dynamic investment mechanism. The simulation results show that changes in supply in the labor market will affect the labor market structure, the relative factor price, and the investment in and the output of industries.
Introduction
There have been large-scale migrations of surplus rural labor to cities in China. Benefiting from the demographic dividend of rural labor transfer, China's economy has maintained a rapid growth rate of 9-10% per year. With the widening urban-rural income gap [1] [2] [3] and aging population [4, 5] , China is in a critical period of economic reform and transition. Urbanization that aims to balance urban and rural development is considered the pointcut in further deep reform. The policy of citizenization of rural migrant workers is the essential measure in promoting this urbanization because it can promote rural surplus-labor transfer, break urban and rural employment market segmentation, and solve the periurbanization phenomenon [6, 7] . In addition, it can speed up the process of urbanization, expand domestic demand, and boost economic growth [8] [9] [10] .
Previous relevant research has mainly applied qualitative research techniques to define the concept of citizenization of rural migrant workers [11, 12] and to study the obstacles in the process of citizenization of rural migrant workers [13] . Only a few of these studies used quantitative methods to calculate the effect of the policy of citizenization of rural migrant workers, and most focused on the partial equilibrium analysis in analyzing one aspect of the economic effects [14, 15] . However, the citizenization of rural migrant workers is a systematically evolutionary project relating to economic and social aspects. It can affect factor markets through adjusting relative prices and demand in the factor market. To quantify the direct and indirect links between structural change in the labor factor and capital factor, we apply a dynamic computable general equilibrium (CGE) model with detailed sectors and intersectoral linkage information. It is important to analyze the general equilibrium effects of labor-market programs [16, 17] . Studies on the dynamic CGE model date back to Dixon's MONASH Model [18, 19] . Following that, Mai et al. [20] built a MONASH-style dynamic Computable General Equilibrium model of China (CHINAGEM) to estimate and explain its economic policies. Tran et al. [21] developed a dynamic multiregional computable general equilibrium model of Australia (DIAC-TERM) with special emphasis on the labor market. Meagher et al. [22] analyzed and forecasted the performance of a labor market built around the MONASH general equilibrium model of the Australian economy. Dixon and Jorgenson [23] reviewed options for 2 Discrete Dynamics in Nature and Society labor market modeling and discussed the wage-forming mechanism and involuntary unemployment in CGE models. Mai [24] developed the Monash-Multi-Country (MMC) model, which is an advanced dynamic CGE model with explicit bilateral investment flows between countries/regions explicitly modeled at an industry level. Xiao [25] built a financial applied general equilibrium (FAGE) model for China. Horridge [26] created the enormous regional model (TERM), which treats each region of a single country as a separate economy. By far, the CGE model framework including labor market, capital market, and regions has been the most systematically established.
A great deal of relevant research has applied the above models to simulate the impact of labor-market and capitalmarket reform, such as structural changes, employment changes, and economic growth [27] [28] [29] [30] . However, only a few studies explicitly analyzed the effect of the policy of citizenization of rural migrant workers on the factor market. In this paper, we use the CHINAGEM model to explore and simulate the effects of the policy of citizenization of rural migrant workers in China on economic growth and structural changes in the labor and capital factor markets over a period of ten years from 2010 to 2020.
Overview of the Model

CGE Model Description.
It is appropriate to use CHI-NAGEM to simulate the segmented labor market and dynamic investment in China. In this section, we will briefly cover modeling and simulation techniques. According to Mai et al. [20] , the production factors include labor force, capital, and land. Under the cost-minimization and profitmaximization assumptions, the production activity of the CGE model is set up as nested CES functions. The top nest is expressed as (1) 
Given the units of input, different sources of intermediate goods are combined to provide effective input according to the Armington nest, which is expressed as (2) , where ( ) is the input of from sources (domestic and imported) to current production in industry , , and are parameters, is greater than −1 and not equal to zero, and is nonnegative. .
(2)
In the primary nest, labor, capital, and land are combined to form effective input according to (3) , in which ( +1, ) is the input of primary factor of type to production industry ; ℎ , , and are parameters; ℎ is less than 1 and not equal to zero; is positive; and ∑ = 1. The skill nest in the labor factor is the same CES nest. Consider
Dynamic Flow of the Multivariate Supply of the Labor
Submodule in the Segmented Labor Market. To specify labor demand categories, the CGE model updates the multivariate supply of the labor submodule to quantify the multiple dimensions of labor heterogeneity. The multivariate supply of the labor submodule divides the production sectors into agricultural and nonagricultural sectors and sets up the multiple labor transfer matrix on the basis of different household registration, occupation, and skill. The labor categories are then subdivided into five further types: AG, RNAG, RUE, UUSE, and USE. (Agriculture employment (AG), rural nonagriculture employment (RNAG), rural-urban employment (RUE), urban unskilled employment (UUSE), and urban skilled employment (USE).) In consideration of the entrants into the labor market, the submodule subdivides the labor categories into newly added and non-newly added labor force. The model assumes labor supply from labor category does not want to be unemployed and prefers to supply to the same industry which they were employed in the previous year. Different categories of labor supply are subject to the Hukou constraint, which indicates that (1) the rural categories (AG, RNAG, RUE, RAGU, and RUU) can only offer rural activities of employment (AG, RNAG, and RUE), (2) the urban categories (UUSE, USE, UU, and NURB) can only make offers of urban activities (UUSE and USE), and (3) the rural new entrants (NRUR) can offer rural as well as urban activities.
Consider
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,nnl is the number of the type of nonnew labor force in year , ,nl is the number of the type of new labor force in year , −1 ,nnl is the number of the type of nonnew labor force in year − 1,
,nnl is the proportion of the type of nonnew labor force in year − 1 flow to the industry in the year ,
,nnl = 0.99, and is the exogenous parameter. The dynamic mechanism in the labor market is adjusted dynamically by means of the change in real wages. The lagged adjustment of the labor market is built into the hypothetical conditions: in the short run, wage rigidity and employment elasticity are changeable, and, in the long run, the wage is changeable and the employment rate remains relatively stable. Equation (5) is the dynamic adjustment of labor employment levels. In the first year of the policy, the labor market deviates from full employment. The degree of deviation that is decided by the variable 1 has been decreasing over time. Equation (6) is the dynamic adjustment of real wages. The degree of realwage deviation increases every year. Therefore, in the initial state of the labor market, there is full employment and the ratio of real wages to expected wages is equal to 1. Assuming a policy to promote the demand for labor, real wages and employment levels will be higher than expected. The laborsupply curve is a vertical shift until real wages grow and the labor market goes back to the level of full employment.
In (5) and (6), atw is the rate of real wage, TOT is employment, is the long-term labor supply function and is set to equal 1, is the simulation value without policy impact, 1 and 2 are the employment adjustment and wage adjustment parameters, and is the policy shock function, which is given an exogenous value in the year and set to zero in subsequent years.
In order to achieve dynamic equilibrium in the labor market, it is assumed that wages are variable and there is full employment. After the policy shock, on the basis of exogenous labor supply, the multiple equilibria of the labor market are adjusted by changes in the rate of real wages in the various departments.
EL , is the effective labor supply for the non-farm sector in the city, EL , is the effective labor supply for the nonfarm sector in the rural agricultural sector, EF 0 , is the initial total effective labor supply for various industries, alsl and alal are the respective coefficients of effective labor and actual labor, tmig is the total labor force transfer, TNL , is the standardized total labor supply of the type in department , and , is the total labor demand of the type in department .
The Dynamic Mechanism of Investment.
The rate of return is introduced to depict the relationship between capital stock and investment. The model distinguishes various kinds of investment behavior. Equation (8) represents the process of capital accumulation. It reflects that the current capital stock is equal to the previous capital stock plus the current investment and minus the depreciation. Equation (9) is the investment-supply function, where the equilibrium expected rate of return is an inverse logistic function of the proportionate growth of capital stock. Equation (10) defines the actual rates of return under static expectations. It implies that the rate of return decreases as the investment rises. These two equations reveal the relationship between the expected rate of return and investment. Consider
and represent capital and investment, respectively, represents depreciation rate, DIS is a measure of the difference between the expected rate of return and the equilibrium expected rate of return in industry , EROR and EROR ST represent an expected rate of return and an expected rate of return under static expectations, RORN is the historically normal rate of return, EROR and EROR allow for vertical shifts in the capital supply curves, GR is the expected growth of capital stock (equal to the ratio of investment to capital stock), TREND is the historically normal capital growth rate, is the tax rate applying to capital income, is the rental rate on capital, Π is the cost of an extra unit of capital, R INT PT SE is the static expectation of the real post-tax interest rate, and is a positive parameter.
Simulation Scene Design
According to China's 12th Five-Year Plan and data from the All-China Federation of Trade Unions (ACFTU) [31] , this paper sets up the simulation scene of citizenization of rural migrant workers in phases and dynamically simulates and analyzes the effect of citizenization of rural migrant workers on China's economic growth in the post-international economic crisis era from 2010-2020 (Table 1 ). China's 12th Five-Year Plan clearly points out that the urbanization rate should grow from 47.5% to 51.5% in the years 2011-2015. To achieve this goal, Han [32] predicted that if the agricultural labor force transfer speed is maintained at 2% per year from 2006 to 2030, the level of urbanization will increase 0.7-0.8 percentage points annually and the level of urbanization will reach 61% in the year 2030. An ACFTU (2011) research report suggested that if citizenization of rural migrant workers continues at around 3% (approximately 300 million people) per year, the urbanization target of China's 12th Five-Year Plan will be achieved. According to the CHINAGEM base period database and ACFTU's data, the paper broke down the policyshock value of the rural labor force to an average annual decrease of 0.65% and the urban unskilled labor supply to an average annual increase of 1.2%. The simulation of the policy of citizenization of rural migrant workers is implemented in five-year periods starting in 2010.
Simulation Results and Analysis
According to the CHINAGEM model simulation results, citizenization of rural migrant workers has a significant influence on employment and investment structure. Based on the shock to the labor supply, the labor market adjusts by the mechanism of the labor transition matrix and wages. The change in the labor market affects the rate of return in the capital market and is the primary factor input in the industry. The output and the macroeconomics tend to change as a whole. The transmission mechanism of the simulation shock is provided in Figure 1 , the exogenous variables are set outside the model, and the endogenous variables are determined by the model.
The Labor Employment Effect.
From the perspective of total employment (Table 2) in the labor market, it can be seen that the citizenization of rural migrant workers can effectively improve labor force employment in the whole society. From 2011-2015, total employment of the labor force grows rapidly, increasing from 0.11% to 0.54%. From 2016-2020, the growth rate of labor force employment declines, but maintains growth momentum. Total labor employment in the whole society increases by 0.05% in 2020.
With regard to changes of employment ratios in various industries, it can be seen that primary-industry employment obviously decreases, while employment increases in the secondary and tertiary industries. Growth in the tertiary industry is particularly evident.
On one hand, in terms of labor employment rates in the urban-rural labor market, changes in urban labor force employment are slower than in the rural labor force. In 2020, urban labor force employment increases by 5.88%, while rural labor force employment falls by 6.47%. On the other hand, from the perspective of various types of employment, the supply of and demand form skilled labor and skilled labor increases in urban areas while decreasing in rural areas. In 2020, UUSE employment sees a greater increase than USE at approximately 3.02% and 2.81%, respectively. RUE, RNAG, and AG employment rates decrease by approximately 2.66%, 2.50%, and 1.60%, respectively (Figure 2 ).
The Effect of Factor Market Structure Adjustment.
Affected by the changes in labor force employment, the prices of the labor factor change correspondingly. As the relative price of this factor changes, the capital accumulation effect promotes growth in the capital and labor markets. In terms of urban and rural labor-factor prices, the wage gap between urban and rural labor narrows. Real wages for the rural labor force continue to rise while real wages for urban labor decrease significantly. In 2020, real wages for AG workers rise by 10.49%, for RANG workers by 9.23%, and for RUE workers by 9.15%, but real wages decrease for UUSE workers by 7.03% and for USE workers by 7.68% (Table 3) .
Return on capital increases relative to the baseline before it reaches its deviation level in 2017 and decreases in the following years, specifically, by 0.27% in 2011, by 0.40% in 2017, and by 0.53% in 2020. As a result, the amount of capital stock enlarges during the seven-year period during which the policy is implemented and, subsequently, narrows during the last three years. Taking the capital accumulation effect into consideration, the influence of the generalized citizenization process is more obvious.
The Industry Output Effect.
Primary-industry output decreased slightly, especially in animal husbandry and in fishery. The changes in the labor and capital factor markets lead to an increase in output by the secondary and tertiary industries, in which migrant-worker employment is relatively high. In secondary industries, the output of manufacturing increases more obviously because the excess supply of migrant workers is reflected in the decrease in their wage rates. In tertiary industries, the output of construction, education, health, information transmission, storage, postal services, and real estate increases strongly, by 0.32%, 0.21%, 0.20%, 0.19%, and 0.17%, respectively, mainly because Discrete Dynamics in Nature and Society 5 Table 1 : Simulation scene design.
Type of scene
The simulation scene Baseline (1) The total population and the growth of the total workforce are exogenous; (2) the tax rate remains unchanged on the basis of differences in wage levels and the agricultural labor force can continue to transfer to nonagricultural sectors; and (3) technology and capital depreciation rates are exogenous variables.
Citizenization of rural migrant workers
(1) Relative to the base period, 300 million migrant workers are citizenized annually from 2011 to 2015; (2) according to the CHINAGEM base period database and ACFTU's data, the paper breaks down the policy-shock value of the rural labor force to an average annual decrease of 0.65% and the urban unskilled labor supply to an average annual increase 1.2%; and (3) other exogenous variables are set to the same levels as in the baseline scenario.
Rate of return (t) of investment growth, especially in governmental publicservices spending (Table 4) .
Conclusion
In this paper, we used a dynamic computable general equilibrium model of China to estimate the effect of the policy of citizenization of rural migrant workers. We designed the policy scenarios based on data calculated by the development goals of China's 12th Five-Year Plan. Normally, under the dynamic mechanisms of the labor market and investment, the citizenization of rural migrant workers can expand employment and the scale of investment, accelerate structural adjustment, and boost economic growth in China. The simulation results show that (1) supply changes in the labor market will affect employment rates in the urban-rural labor market and will optimize the urban-rural labor market employment structure, (2) structural changes in the labor factor market will increase the real wages of rural migrant workers and cause a relative rise in capital factor prices, which causes the labor market and capital factor market to achieve a new equilibrium at a higher employment level, and (3) the quantity of the production factor used in each industry will change with the factor-price effect. The output of second and tertiary industries will increase. There is still much space for improving the model, which requires a more detailed database. It will be worthwhile to classify labor by different education levels and occupation types, to relax the static expectation assumption and to estimate the elasticity of substitution of factors in each industry. 
